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1
PROCESSES FOR THE PREPARATION OF
3,5-DISUBSTITUTED-1,2,4-OXADIAZOLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/933,616, filed Jul. 2, 2013, which claims the
benefit of U.S. Provisional Application Ser. No. 61/667,361,
filed Jul. 2, 2012, U.S. Provisional Application Ser. No.
61/777,210, filed Mar. 12, 2013 and U.S. Provisional Appli-
cation Ser. No. 61/783,466, filed Mar. 14, 2013, the entire
disclosures of which are incorporated herein by reference.

FIELD

Provided herein are processes for the preparation of bio-
logically active 3,5-disubstituted-1,2,4-oxadiazoles or salts
thereof that are useful, for example, in the control of nema-
todes.

BACKGROUND

1,2,4-Oxadiazoles, and in particular, 3,5-disubstituted-1,2,
4-oxadiazoles, have been shown to have biological activity in
pharmaceutical and agricultural fields. For example, 3,5-dis-
ubstituted-1,2,4-oxadiazoles are disclosed as disease sup-
pression and treatment agents (U.S. Pat. No. 6,992,096), as
therapeutic agents for hepatitis C (Pub. No. US 2005/
0075375 Al), and for nematode control in agriculture (Pub.
No. US 2009/0048311 A1).

3,5-Disubstituted-1,2,4-oxadiazoles can be prepared in a
number of ways. One is preparation of 3,5-disubstituted-1,2,
4-oxadiazoles via reaction of an aryl amide oxime and an acyl
chloride (Pub. No. US 2008/0269236 A1, U.S. Pat. No. 7,678,
922, Pub. No. US 2008/0113961 A1, JP 2008120794 and
Bioorg. Med Chem Lett. 19, 4410). Another method for
preparation of 3,5-disubstituted-1,2,4-oxadiazoles is reaction
of'a benzamide oxime or propionamidoxime with a carboxy-
lic acid or ester (WO 2011/141326, WO 2012/012477, and
WO 2011/085406). Other routes to 3,5-disubsituted-1,2,4-
oxadiazoles include reaction of a benzamide with a Weinreb
amide (Pub. No. US 2010/0048648 Al) and reaction of a
hydroxyamy] halide and a nitrile (U.S. Pat. No. 3,211,742).

While methods for preparing 3,5-disubstituted-1,2,4-oxa-
diazoles exist, alternative routes that may result in a more
efficient synthesis are highly desirable. In particular, syn-
thetic processes with fewer isolation steps and/or solvents can
be more efficient and less expensive. In addition, processes
that reduce and/or eliminate solids handling, reduce reaction
time and/or use fewer reaction intermediates can significantly
reduce capital equipment expenditures in large scale manu-
facturing. Finally, the use of milder reaction conditions (e.g.
lower temperatures) may prevent degradation of desired
intermediates and products resulting in fewer unwanted side
products and ultimately a better product purity profile.

Citation of any reference above is not to be construed as an
admission that such reference is prior art to the present appli-
cation.

SUMMARY

Provided herein are processes for the preparation of 3,5-
disubstituted-1,2,4-oxadiazoles and salts thereof. For
example, the processes described herein are useful for pre-
paring a 3,5-disubstituted-1,2,4-oxadiazole of Formula (Ia)
or (Ib),
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(a)

(Ib)

wherein Ar' is phenyl, pyridyl, pyrazyl, oxazolyl or isox-
azolyl, each of which can be optionally independently sub-
stituted with one or more substituents e.g. alkyl, haloalkyl,
alkoxy, haloalkoxy, halogen, acyl, ester, and nitrile; and Ar?is
thienyl, furanyl, oxazolyl, isoxazolyl, or phenyl, each of
which can be optionally independently substituted with one
or more substituents e.g. fluorine, chlorine, CH;, and OCF;.
In one embodiment, the process comprises reacting a N-hy-
droxyamidine of Formula (IIa) or (IIb), respectively, or a
tautomeric form thereof, wherein Ar' and Ar? are defined as
above,

(11a)

AIYNH
HN.

on

(ITb)
Ar

-

N
on

with an acyl chloride of Formula (I11a) or (I1Ib), respectively,
wherein Ar' and Ar? are defined as above,

(I11a)

(IIIb)

Cl

in a reaction mixture comprising a water-immiscible organic
solvent and an aqueous base and the temperature of the reac-
tion mixture is no greater than about 85° C.

DETAILED DESCRIPTION

The present disclosure is directed to improved processes
for the preparation of 3,5-disubstituted-1,2,4-oxadiazoles
and salts thereof. Various embodiments of the process enable
greater ease of production, milder reaction conditions,
reduced reaction time cycles, fewer reaction intermediates,
and/or significantly reduced capital equipment requirements.

Generally, the processes described herein are useful for
preparing a 3,5-disubstituted-1,2,4-oxadiazole of Formula
(Ia) or (Ib) or a salt thereof,
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(Ia)

(Ib)

wherein Ar' is phenyl, pyridyl, pyrazyl, oxazolyl or isox-
azolyl, each of which can be optionally independently sub-
stituted with one or more substituents. In one embodiment
Ar' is optionally independently substituted with one or more
substituents selected from the group consisting of alkyl,
haloalkyl, alkoxy, haloalkoxy, halogen, acyl, ester, and nitrile
each of which can be optionally independently substituted. In
one embodiment, Ar' is optionally independently substituted
with one or more substituents selected from the group con-
sisting of halogen, CF;, CH;, OCF;, OCH;, CN and C(H)O.
Ar? is thienyl, furanyl, oxazolyl, isoxazolyl, or phenyl, each
of which can be optionally independently substituted. In one
embodiment, Ar? is optionally independently substituted with
one or more substituents selected from the group consisting
of fluorine, chlorine, CH;, and OCF;.

For example, in some embodiments, Ar' is unsubstituted
phenyl. In other embodiments, Ar’ is monosubstituted phenyl
wherein the substituent is a halogen. In still other embodi-
ments, Ar' is a disubstituted chloroalkylphenyl. In some
embodiments, Ar” is substituted thienyl or substituted fura-
nyl. In some embodiments, Ar” is unsubstituted thienyl or
unsubstituted furanyl.

In some embodiments, the 3,5-disubstituted-1,2,4-oxadia-
zole is a compound of Formula (Ia-i) or a salt thereof,

(Ta-i)

R? . R

: \

R4

wherein R and R are independently selected from hydrogen,
CH,, F, Cl, Br, CF, and OCF;; R? and R* are independently
selected from hydrogen, F, Cl, Br, and CF,; R? is selected
from hydrogen, CH;, CF;, F, Cl, Br, OCF;, OCH;, CN, and
C(H)O; R” and R® are independently selected from hydrogen
and fluorine; R? is selected from hydrogen, F, Cl, CH,, and
OCF;;and Eis O, Nor S.

Non-limiting examples of 3,5-disubstituted-1,2,4-oxadia-
zoles that can be prepared in accordance with the present
disclosure include 3-phenyl-5-(2-thienyl)-1,2.4-oxadiazole
of Formula (Ia-ii),
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(Ta-ii)

3-(4-chlorophenyl)-5-(2-furanyl)-1,2,4-oxadiazole of For-
mula (Ja-iii),

(Ta-iii)
al

N O

)<

3-(4-chloro-2-methylphenyl)-5-(2-furanyl)-1,2,4-oxadiaz-
ole of Formula (Ia-iv),

o

(la-iv)
Cl

(<]

\

»
!

N\O

3-phenyl-5-(2-furanyl)-1,2.4-oxadiazole of Formula (Ia-v),

(Ta-v)

N\ O
=]

3-(4-bromophenyl)-5-(furan-3-y1)-1,2,4-oxadiazole of For-
mula (Ia-vi) and,

o

(Ta-vi)
Br
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5
3-(2,4-difluorophenyl)-(thiophen-3-yl)-1,2,4-oxadiazole of
Formula (Ia-vii).

(la-vii)

In further embodiments, the 3,5-disubstituted-1,2,4-oxa-
diazole is a compound of Formula (Ib-i) or a salt thereof,

, (Ib-i)
R
Rl

Rr3

R4

25
wherein R* through R®, R” through R® and E are defined as
above.

Additional non-limiting examples of 3,5-disubstituted-1,
2,4-oxadiazoles that can be prepared in accordance with the
present disclosure include 3-(thiophen-2-y1)-5-(p-tolyl)-1,2,
4-oxadiazole of Formula (Ib-ii),

N\O: < >

30

(Ib-ii)

35

40
5-(3-chlorophenyl)-3-(thiophen-2-y1)-1,2,4-oxadiazole  of
Formula (Ib-iii) and,

(Ib-iii)
Cl 45
N\O
50

5-(4-chloro-2-methylphenyl)-3-(furan-2-y1)-1,2.4-oxadiaz-
ole of Formula (Ib-iv).

(i) 55

/ e}
CL.
| N cl
N\o 60

Further representative 3,5-disubstituted-1,2,4-oxadiazoles
that can be prepared in accordance with the present disclosure 65
are described in Pub. No. US 2009/0048311 Al, the entire
contents of which are incorporated herein by reference.

6

In various embodiments, the process comprises reacting a
N-hydroxyamidine of Formula (Ila) or (IIb), or a tautomeric
form thereof,

(11a)

Arl NH

(ITb)

wherein Ar' and Ar? are defined as above, with an acyl chlo-
ride of Formula (I1la) or (IIlb), respectively,

(I11a)
ArZ

YO
cl
AIYO

Cl

(IIIb)

wherein Ar' and Ar® are defined as above. The condensation
reaction of the N-hydroxyamidine with the acyl chloride is
conducted in a reaction mixture comprising an organic sol-
vent and an aqueous base. Without being bound to a particular
theory, in some embodiments, the reaction of the N-hy-
droxyamidine and the acyl chloride is believed to produce an
oxime ester intermediate of Formula (IVa) or (IVb), a salt
thereof, or a tautomeric form thereof,

IVa)
Arl NH
\( o
HN )]\
~0 A2
(IVb)
Arl NH
\( o
HN )J\
\O "Ar!

wherein Ar' and Ar® are defined as above. As described in
greater detail below, the presence of an aqueous base facili-
tates cyclization of the oxime ester at relatively low tempera-
tures to produce the 3,5-disubstituted-1,2,4-oxadiazole prod-
uct. In an embodiment, the condensation and/or cyclization
reaction is allowed to proceed directly to the final 3,5-disub-
stituted-1,2,4-oxadiazole product, without isolation or puri-
fication of the oxime ester intermediate. In other embodi-
ments, the oxime ester intermediate, or a portion thereof, may
be isolated and/or purified prior to formation of the 3,5-
disubstituted-1,2,4-oxadiazole product.

In accordance with various embodiments, solvents used to
form the reaction mixture are selected on the basis of one or
more criteria, to facilitate simplification and overall econom-
ics of the process. In some embodiments, the organic solvent
employed is capable of solubilizing the N-hydroxyamidine of
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Formula (I1a) or (IIb) and the 3,5-disubstituted-1,2,4-oxadia-
zole product of Formula (Ia) or (Ib). In some embodiments the
organic solvent is capable of solubilizing the intermediate
oxime ester of Formula (IVa) or (IVb) as well. Use of an
organic solvent to solubilize the N-hydroxyamidine starting
material as well as the oxime ester intermediate and the 3,5-
disubstituted-1,2,4-oxadiazole product reduces or eliminates
the need for isolation of the N-hydroxyamidine and/or the
oxime ester, and reduces or eliminates the need for a solvent
switch prior to cyclization to form the 3,5-disubstituted-1,2,
4-oxadiazole product. In various embodiments, the organic
solvent may advantageously be used to transfer the N-hy-
droxyamidine reactant from one reaction vessel to another. In
some cases, a water-immiscible organic solvent is used for
isolation of the N-hydroxyamidine of Formula (Ila) or (IIb)
and production of the 3,5-disubstituted-1,2.4-oxadiazole
product. The use of a water-immiscible organic solvent
allows for separation ofthe aqueous and organic phases of the
reaction mixture, which enables a more expedient transfer of
the N-hydroxyamidine reactant from one vessel to another
and facilitates the recovery of the final 3,5-disubstituted-1,2,
4-oxadiazole product, as set forth in greater detail below.
Furthermore, in one embodiment, the water-immiscible
organic solvent forms an azeotrope with water. The formation
of an azeotrope facilitates removal, via e.g. evaporation or
distillation, of the solvent for purposes of isolation of the
intermediate oxime ester or the 3,5-disubstituted-1,2,4-oxa-
diazole product. Alternatively, more than one organic solvent
can be used, for example, a water-immiscible solvent for
production of the oxime ester intermediate of Formula (IVa)
or (IVb) and a water-miscible solvent for the production of the
3,5-disubstituted-1,2,4-oxadiazole product. Non-limiting
examples of suitable organic solvents include acetone, 2-bu-
tanone, ethyl acetate, isopropyl acetate, butyl acetate, chlo-
roform, dichloromethane, diethylether, methyl-tert-butyl
ether, dibutylether, anisole, tetrahydrofuran, 2-methyltet-
rahydrofuran, xylene, and toluene. In various embodiments,
the organic solvent includes acetone, 2-butanone, tetrahydro-
furan, 2-methyltetrahydrofuran, or butyl acetate. In one
embodiment, the organic solvent is butyl acetate or 2-meth-
yltetrahydrofuran.

The aqueous base comprises a chemical reagent which
reacts with the acid by-product of the condensation reaction
between the N-hydroxyamidine and acyl chloride. Further-
more, without being bound to any particular theory, it is
believed that the aqueous base catalyzes the cyclization of the
oxime ester of Formula (IVa) or (IVb) to produce the 3,5-
disubstituted-1,2,4-oxadiazole of Formula (Ia) or (Ib).

“Aqueous base” is defined herein as a strong base or a base
that completely or almost completely dissociates in water.
The use of a strong base may advantageously result in faster
reaction times. In some embodiments, the aqueous base is an
alkali base comprising an alkali metal or alkaline earth metal,
and which dissociates to form hydroxide ions in aqueous
solution. Non-limiting examples of suitable aqueous bases
include aqueous solutions of inorganic bases such as sodium
hydroxide, potassium hydroxide, lithium hydroxide, calcium
hydroxide, and mixtures thereof. In one embodiment, the
aqueous base solution added to the reaction mixture com-
prises the base reagent in a concentration of from about 5% to
about 60% by weight. In one exemplary embodiment, the
aqueous base is an alkaline hydroxide which reacts with the
acid by-product of the condensation reaction between N-hy-
droxyamidine and acyl chloride to form water (water forms
only from the hydroxide base) and a salt.

In accordance with one embodiment, the reaction mixture
optionally comprises a phase transfer catalyst. A phase trans-
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8

fer catalyst is a chemical reagent that facilitates the migration
of'areactant from the aqueous phase into the organic phase, or
vice versa. Accordingly, the use of a phase transfer catalyst
may advantageously result in faster reaction times and higher
conversions or yields.

In various embodiments, the phase transfer catalyst is a
quaternary ammonium salt, a phosphonium salt, or a crown
ether. Non-limiting examples of suitable phase transfer cata-
lysts include tetrabutylammonium hydroxide, benzyltrim-
ethylammonium hydroxide, tetrabutylammonium bromide,
tetrabutylammonium chloride, tetrabutylammonium iodide,
tetrabutylphosphonium bromide, and tetrabutylphosphonium
chloride. In one embodiment, the phase transfer catalyst is
tetrabutylammonium hydroxide. In one embodiment, the
phase transfer catalyst is added to the reaction mixture in the
form of an aqueous solution (e.g., a 40% by weight aqueous
solution of the phase transfer catalyst) such that the final
concentration is about 0.5-3 mol % based on acyl chloride,
more preferably in a range of about 0.5-1.5 mol % or of about
1.5-2 mol % based on acyl chloride.

In one embodiment of the process, the N-hydroxyamidine
of Formula (Ila) or (IIb) is dissolved in a water-immiscible
organic solvent and the solution is introduced into a reaction
vessel. Water, at least a portion of the aqueous base, and the
optional phase transfer catalyst are added to the reaction
vessel. This may be simultaneous and/or sequentially. This
results in the formation of a two-phase reaction mixture, in
which the N-hydroxyamidine remains dissolved in the
organic phase comprising a water-immiscible organic sol-
vent. The acyl chloride reactant of Formula (Illa) or (Mb) and
any remaining portion of the aqueous base are added to the
reaction vessel. The acyl chloride and the remaining portion
of'the aqueous base may be added simultaneously or sequen-
tially. In one embodiment, the N-hydroxyamidine is added to
the reaction mixture in an amount equal to or in excess of the
acyl chloride on a molar basis. Additional water may be added
to the reaction mixture at any time during the course of the
reaction.

In some embodiments, the mixture may be agitated. In
additional embodiments, the reaction could be conducted
continuously, for example, in a continuous stirred-tank reac-
tor.

Inorderto enhance the reaction rate and achieve acceptable
reaction times, the concentration of base in the aqueous phase
of'the reaction mixture is preferably sufficient to achieve a pH
of at least about 8, at least about 9, or at least about 10 with
higher pH resulting in increased reaction rate. For example, in
one embodiment, a pH of from about 12 to about 13 is a pH
range resulting in an increased reaction rate. The pH of the
aqueous phase may be maintained or increased during the
process by addition of additional aqueous base to the reaction
mixture.

The temperature of the reaction mixture is from about 25°
C. to about 85° C. The temperature of the reaction mixture is
in some embodiments allowed to rise as a result of the reac-
tion exotherm, and is preferably from about 55° C. to about
75° C. The reaction may be allowed to proceed in the absence
of'external heat applied to the reaction mixture, although heat
from an extraneous source may be supplied as needed to
maintain the desired reaction temperature and rate.

The rate of addition of the acyl chloride and the remaining
aqueous base is dependent on reaction scale and ability to
control the temperature. For example, the rate of addition of
acyl chloride may be between 30 min and 4 hours. The reac-
tion mixture is advantageously allowed to heat as a result of
the reaction exotherm, as described above, and may be main-
tained at from about 55° C. to about 75° C. for about 30
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minutes to about 2 hours to allow the reaction to proceed to
completion. Upon completion of the reaction, the aqueous
and organic phases are typically allowed to separate while
hot. In some embodiments, the aqueous phase may be option-
ally neutralized to a lower pH (e.g., pH lowered to less than
about 9) to assist in subsequent formulation of the 3,5-disub-
stituted-1,2,4-oxadiazole product. In some embodiments, a
portion of the aqueous phase is removed from the reaction
mixture and the organic solvent is removed by evaporation or
distillation. When the solvent level is low, the azeotrope, or
pairing of the water and solvent, assists in driving out traces of
solvent. The distillation may be conducted at atmospheric
pressure, or under vacuum. Additional water may be added to
the reaction mixture in a volume sufficient to replace the
distilled solvent and to facilitate the isolation of the final
product. As the solvent evaporates, the 3,5-disubstituted-1,2,
4-oxadiazole product is precipitated in the aqueous layer,
resulting in a slurry of solids in the aqueous layer. When
substantially all of the solvent has been removed, the solid
3,5-disubstituted-1,2,4-oxadiazole product may be recovered
by filtration, centrifugation, and/or decanting.

The 3,5-disubstituted-1,2,4-oxadiazole product may not
consistently precipitate as a fine crystalline solid and may
form beads (e.g., several mm in diameter), large irregular hard
lumps, or encrusted solids on the reactor walls and agitator,
which is a problem for discharging from the reactor and
subsequent processing. One solution is to not remove the
byproduct salt aqueous phase. However, high residual salt
(e.g., NaCl) levels in the 3,5-disubstituted-1,2.,4-oxadiazole
product may cause problems in formulating the product.

An alternative embodiment is to use a surfactant to stabi-
lize droplets of product (possibly a metastable melt or a very
concentrated solution) and allow the droplets to solidify as a
precipitate in the aqueous layer without coalescing into larger
droplets which otherwise ultimately may “crash out” as the
large lumps and/or encrusted solids. Suitable surfactants may
be selected from the group consisting of anionic or nonionic
dispersants, anionic or nonionic detergents, anionic or non-
ionic surfactants, and combinations thereof. Non-limiting
examples of suitable surfactants include Morwet D-425 (an
anionic dispersant, an alkyl naphthalene sulfonate conden-
sate sodium salt, from AkzoNobel), Morwet D-425 and
Greenworks (sodium lauryl sulfate (anionic detergent), alkyl
polyglucoside (nonionic surfactant), lauramine oxide (non-
ionic detergent), and glycerine), Morwet D-425 and Pluronic
L-35 (a surfactant, a PEG-PPG-PEG block copolymer of
polyethylene glycol-polypropylene glycol-polyethylene gly-
col, Mn=~1900), Pluronic [.-35, and Triton X-100 (a nonionic
detergent, an octylphenol ethoxylate (n=~10)). In one embodi-
ment, the surfactant is added to the reaction mixture after the
reaction is substantially complete and prior to removal of at
least a portion of the water-immiscible organic solvent from
the reaction mixture.

In some embodiments, particularly in large scale processes
or manufacturing settings with large volumes of solvent, the
solvent may be recovered and recycled for re-use in the pro-
cess (e.g., for use in dissolving the N-hydroxyamidine in a
subsequent cycle of the process).

The N-hydroxyamidine of Formula (Ila) or (IIb) used in the
preparation of  3,5-disubstituted-1,2,4-oxadiazole  as
described above, can be obtained from commercial sources,
or may be prepared using methods known to one skilled in the
art. For example, an arylamide oxime (e.g. benzamide oxime)
or optionally independently substituted arylamide oxime
may be prepared by reacting the corresponding aryl nitrile
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with hydroxylamine hydrochloride and an aqueous base. One
exemplary aqueous base for this purpose is sodium hydrox-
ide.

In some cases, to prepare an arylamide oxime starting
material, hydroxylamine hydrochloride is slurried in an alco-
holic solvent, such as methanol or ethanol and is combined
with an equivalent molar amount of the aqueous base. In one
embodiment, the aryl nitrile is added in an amount such that
the hydroxylamine is in excess, for example, from about 1.01
to about 1.25 molar equivalents. The resulting reaction is
mildly exothermic, and the resulting reaction mixture is
heated to a temperature of from about 20° C. to about 75° C.,
from about 20° C. to about 65° C., from about 50° C. to about
75° C., or from about 50° C. to about 60° C. As the reaction
mixture is heated, the aryl nitrile is added. The reaction mix-
tureis then in some embodiments allowed to continue heating
until the reaction is complete.

Upon completion of the reaction, the arylamide oxime
product may be isolated for use in the process of the present
disclosure. For example, the alcoholic solvent may be
removed by distillation, leaving a reaction mixture compris-
ing a product melt phase and an aqueous phase. While the
reaction mixture is still hot, an organic solvent as described
above is added to dissolve the arylamide oxime product in an
organic phase. The aqueous phase may then be separated and
removed. In various embodiments, the organic solvent satis-
fies the criteria for the organic solvent used in the production
ofthe 3,5-disubstituted-1,2,4-oxadiazole, as set forth in detail
above. Thus, the organic solvent phase comprising the dis-
solved arylamide oxime product may be forwarded directly to
the condensation/cyclization reaction for production of the
3,5-disubstituted-1,2,4-oxadiazole without further process-
ing. The methods described herein may be readily adapted to
produce other N-hydroxyamidine compounds of Formula
(I1a) or (IIb)).

In an alternative embodiment, an arylamide oxime starting
material (e.g., benzamide oxime) is prepared by combining
and reacting the corresponding aryl nitrile with aqueous
hydroxylamine (e.g., aqueous hydroxylamine includes but is
not limited to aqueous hydroxylamine free base or aqueous
hydroxylamine generated from the hydrochloride). By utiliz-
ing aqueous hydroxylamine, the step of neutralizing the
hydroxylamine hydrochloride reactant with an aqueous base
is eliminated along with the requirement of an alcoholic sol-
vent. This provides significant capital and material savings in
large-scale production processes due to the absence of an
aqueous base, alcohol storage and distillation equipment and
other advantages such as simplifying treatment of the aque-
ous waste by avoiding the production of salt in the neutral-
ization step. In an embodiment where the arylamide oxime
starting material is prepared utilizing aqueous hydroxy-
lamine, no solvent is required. However, a solvent can be used
including an alcoholic solvent, such as methanol or ethanol.
In order to facilitate subsequent processing, the solvent used
may be a water-immiscible organic solvent or combination of
solvents selected on the basis of one or more of the criteria as
set forth in detail above. For example, the organic solvent may
be butyl acetate or 2-methyltetrahydrofuran. Alternatively, if
the arylamide oxime starting material is prepared by combin-
ing and reacting the corresponding aryl nitrile with aqueous
hydroxylamine in the absence of a solvent, after the reaction
is complete, the resulting product may be dissolved in an
organic solvent as described above for further processing.

The acyl chloride of Formula (Illa) or (IIIb) (e.g.,
2-thiophenecarbonyl chloride or 2-furancarbonyl chloride),
used in the processes for production of 3,5-disubstituted-1,2,
4-oxadiazole as described above, can be obtained from com-
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mercial sources, or may be prepared using methods known to
one skilled in the art. For example, thiophene may be used to
produce either 2-acetylthiophene or 2-thiophenecarboxalde-
hyde. Each of these may be used to produce a 2-thiophene
carboxylic acid and, subsequently, 2-thiophenecarbonyl
chloride. Other methods may be suitably employed to pro-
duce other acyl chloride compounds within the scope of For-
mula (IIT) or (1ITb).

The following examples are to be considered as merely
illustrative, and are not intended to limit the scope of this
disclosure.

EXAMPLES
Example 1
Preparation of Benzamide Oxime

Hydroxylamine hydrochloride (8.85 g, 0.126 moles) and
methanol (45 ml.) were charged to a 100 mL. flask, followed
by 51% sodium hydroxide (9.82 g, 0.125 moles). To this
mixture was added benzonitrile (10.32 g, 0.100 moles), and
the reaction was heated to 55-60° C. and held for 2 hours.
HPLC showed that the reaction was complete by the disap-
pearance of benzonitrile. A portion of the methanol (30 mL)
was removed by distillation, deionized (DI) water was added
(22 mL), and the remaining methanol was distilled at 300 torr
to give two liquid phases (benzamide oxime melt and salt
water). 2-Methyltetrahydrofuran (20.0 g) was added, and the
aqueous salt phase was drained off to give 33.34 g of a
solution of benzamide oxime in 2-methyltetrahydrofuran,
39.45% by loss on drying and HPL.C. The yield of benzamide
oxime was 96.5%.

Example 2

Preparation of
3-Phenyl-5-(thiophen-2-y1)-1,2,4-oxadiazole in
2-Methyltetrahydrofuran

A 39.45% solution of benzamide oxime in 2-methyltet-
rahydrofuran (33.34 g) was charged to a 100 mL flask, fol-
lowed by water (9.0 g), 40% aqueous solution of tetrabuty-
lammonium hydroxide (1.02 g), and 51% sodium hydroxide
(3.52 g, 0.045 moles). To this mixture was added 2-thiophen-
ecarbonyl chloride (13.83 g, 0.0936 moles) and 51% sodium
hydroxide (7.33 g, 0.0935 moles) simultaneously over a 30
minute period while heating to about 70° C. The reaction was
complete in less than 80 minutes. The aqueous salt phase was
removed, water was added (30 g), and the 2-methyltetrahy-
drofuran partly removed by atmospheric distillation (13.5
mL). An additional amount (32 g) ofhot water was added, and
the remainder of the 2-methyltetrahydrofuran was distilled
out, during which time the product, 3-phenyl-5-(2-thienyl)-
1,2,4-oxadiazole, precipitated. The aqueous slurry of 3-phe-
nyl-5-(2-thienyl)-1,2,4-oxadiazole was filtered, washed with
water and dried overnight in a vacuum oven to yield 3-phenyl-
5-(2-thienyl)-1,2,4-oxadiazole, 20.47 g, 99.1% pure, 95.0%
yield.

Example 3
Preparation of
3-Phenyl-5-(thiopheny-2-y1)-1,2,4-oxadiazole in

Acetone

Benzamide oxime (5.00 g, 36.7 mmol) was dissolved in
acetone (50 mL) at 0° C. The solution was stirred and 50%
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aqueous sodium hydroxide (4.5 mL.) added. An exotherm was
noted and a precipitate formed in the reaction mixture. The
exotherm lasted for about 15 minutes and the slurry became
thick. The solution was warmed to 20° C. and external cool-
ing was added. The 2-thiophenecarbonyl chloride (5.36,36.7
mmol) was added over 15 minutes maintaining the reaction
mixture below 30° C. The reaction was maintained at 30° C.
for 15 minutes and the slurry became thinner. The reaction
mixture was cooled to room temperature and stirred for 20
additional minutes. Water (50 mL) was added and the result-
ing solids were stirred for 1 hour. The solids were collected by
vacuum filtration, washed with water (2x50 mL) and dried on
a Buchner funnel with air flow from vacuum overnight.
3-Phenyl-5-(2-thienyl)-1,2,4-oxadiazole (6.94 g, 30.4 mmol)
was obtained as a white solid (83% yield).

Example 4
Preparation of Benzamide Oxime

Hydroxylamine hydrochloride (88.5 g, 1.26 moles) and
methanol (450 mL) were charged to a 1000 m[. flask, fol-
lowed by 51% sodium hydroxide (97.7 g, 1.25 moles). Ben-
zonitrile (103.1 g, 1.00 moles) was added and the reaction was
heated to 65-71° C. for 4 hours. HPLC showed that the reac-
tion was complete by the disappearance of benzonitrile. A
portion of the methanol (366 mL.) was removed by distilla-
tion, DI water was added (200 mL), and the remaining metha-
nol was distilled at 200 torr to give two liquid phases (benza-
mide oxime melt and salt water). Butyl acetate (650 mL) and
DI water (100 mL) were added, and the aqueous salt phase
was drained off. The butyl acetate solution was washed once
with 100 mL of water to give 715.04 g of a blue-tinted cloudy
solution of benzamide oxime in butyl acetate, 18.1% by loss
on drying. Yield of benzamide oxime was 95.1% with a 3.4%
yield of benzamide by-product.

Example 5
Preparation of Benzamide Oxime

Benzonitrile (25.0 g, 242 mmol) was added to a 250 mL
flask and heated to 50° C. Aqueous hydroxylamine (50%,
20.4 g, 309 mmol) was added via a syringe pump at 0.17
ml./min (2 hours addition time). Upon completion of the
addition of the 50% aqueous hydroxylamine solution, the
reaction was stirred an additional 1 hour 30 minutes at 50° C.
The reaction was complete and 80 mL of 2-methyltetrahy-
drofuran and 25 mL of water were added. The solution was
mixed for 10 minutes and the layers were separated. The
water white organic layer (96.3 g) was collected. Upon analy-
sis, the organic layer contained 29.48 w/w % of the benza-
mide oxime product (28.4 g, 208 mmol). The yield was 86%.

Example 6
Preparation of Benzamide Oxime

Benzonitrile (50.0 g, 0.485 mol) was added to a 250 mL
flask and heated to 70° C. with stirring. Deionized water (1.0
g) was added and the temperature was lined out at 70° C.
Aqueous hydroxylamine (50%, 37.50 g, 34.8 ml, assay was
53.3%, 0.605 moles) was added via a syringe pump over 1.5
hours while maintaining the temperature at 70°+2° C. HPLC
analysis indicated that the conversion of benzonitrile was
>99% after about 2.5 hours of reaction time. The batch was
heated for atotal of 3.5 hours at 70° C., then was cooled to 60°
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C. The batch was transferred to a 500 mL flask with 2-meth-
yltetrahydrofuran (208.98 g), followed by 20 wt % aqueous
NaCl (40.0 g). The mixture was heated to 60° C., and the
phases were separated at 60° C. to give a solution of benza-
mide oxime in 2-methyltetrahydrofuran (281.80 g) and aque-
ous waste (44.61 g). The 2-methyltetrahydrofuran solution
assayed for 21.73 wt % benzamide oxime.

Example 7

Preparation of
3-Phenyl-5-(thiophen-2-y1)-1,2,4-oxadiazole in
Butyl Acetate

A solution of benzamide oxime (18.3%) in butyl acetate
(27.30 g,36.7 mmol) was charged to a 100 mL. flask, followed
by 40% aqueous tetrabutylammonium hydroxide (0.40 g),
and 51% sodium hydroxide (0.86 g, 11.0 mmol). To this
mixture was added 2-thiophenecarbonyl chloride (5.44 g,
36.8 mmol) and 51% sodium hydroxide (2.88 g, 36.7 mmol)
simultaneously over 30 minutes while heating to about 70° C.
An additional 0.66 g of 51% sodium hydroxide was added to
raise the pH to 9.75. The reaction was complete in less than
2.5 hours (HPLC analysis). Hot deionized water (10 mL) was
added to dissolve salts, followed by separation, washing with
10 mL of hot water and separation. Deionized water (50 mL.)
was added and the butyl acetate was removed by azeotropic
distillation at 66-75° C. and 300 torr. The 3-phenyl-5-
(thiophen-2-y1)-1,2.4-oxadiazole precipitated during the dis-
tillation. The product was discharged, filtered through a
coarse glass frit, washed with water (2x15 mL), and dried
overnight in a vacuum oven to give 3-phenyl-5-(thiopheny-
2-y1)-1,2,4-oxadiazole (7.50 g, 88.2%); 98.6% purity.

Example 8
Preparation of 4-Chlorobenzamidoxime

A solution of 50% aqueous sodium hydroxide (2.8 g,36.34
mmol) was mixed in methanol (20.0 mL). Hydroxylamine
hydrochloride (2.55 g, 36.34 mmol) was added and the mix-
ture stirred for 5 minutes. 4-Chlorobenzonitrile (4.0 g, 29.08
mmol) was added and the mixture heated to 60° C. The
heterogeneous mixture was stirred at 60° C. for 3 hours. The
mixture was poured into water (30 mL) and solids dissolved
and a precipitate appeared. The methanol was removed at
reduced pressure and remaining solids collected by vacuum
filtration. The solids were washed with water (2x10 mL). The
4-chlorobenzamidoxime (4.38 g, 25.6 mmol) was obtained as
a white solid. (88% yield).

Example 9

Preparation of 3-(4-Chlorophenyl)-5-(2-thienyl)-1,2,
4-oxadiazole

The 4-chlorobenzamidoxime (1.00 g, 5.8 mmol) was dis-
solved in 2-methyltetrahydrofuran (10.0 mL) and water (1.0
mL). A 40% aqueous solution of benzyltrimethylammonium
hydroxide (100 ul.) was added and the solution heated to 50°
C. A 50% aqueous solution of sodium hydroxide (720 mg,
9.00 mmol) and 2-thiophenecarbonyl chloride (939.0 mg, 6.4
mmol) were added dropwise simultaneously over 15 minutes.
The temperature of the mixture warmed to 70° C. The mixture
was cooled to room temperature and water (40 mL) added.
Solids formed and the 2-methyltetrahydrofuran was removed
at reduced pressure. The solids were isolated by vacuum
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14
filtration. The 3-(4-chlorophenyl)-5-(2-thienyl)-1,2,4-oxa-
diazole (1.32 g, 5.0 mmol) was obtained as a white solid.
(86% yield).

Example 10

Preparation of 3-(4-Chlorophenyl)-5-(2-furanyl)-1,2,
4-oxadiazole

The 4-chlorobenzamidoxime (1.24 g, 7.25 mmol) was dis-
solved in 2-methyltetrahydrofuran (10.0 mIL) and water (1.0
mL). A 40% aqueous solution of benzyltrimethylammonium
hydroxide (100 ul.) and 50% aqueous solution of sodium
hydroxide (736 mg, 9.20 mmol) were added. The mixture was
stirred and a precipitate formed. Furoyl chloride (1.24 g, 7.25
mmol) was added dropwise and an exotherm was noted. The
mixture was stirred at 70° C. for 1 hour and cooled to room
temperature. The solution was poured into water (25 mL) and
the 2-methyltetrahydrofuran removed at reduced pressure.
The resulting solids were isolated by vacuum filtration. The
3-(4-chlorophenyl)-5-(2-furanyl)-1,2,4-oxadiazole (1.22 g,
4.94 mmol) was obtained as a white solid. (68% yield).

Example 11

Preparation of
3-Phenyl-5-(2-furanyl)-1,2,4-oxadiazole

Benzamide oxime (2.00 g, 14.7 mmol) and a 40% aqueous
solution of benzyltrimethylammonium hydroxide (100 ul.)
were combined in 2-methyltetrahydrofuran (20 mL) and
water (2 mL). The solution was warmed to 50° C. and 50%
aqueous solution of sodium hydroxide (1.52 g, 19.1 mmol)
and 2-furoyl chloride (2.00 g, 15.3 mmol) were added drop-
wise simultaneously over 10 min. The pot temperature rose to
74° C. The mixture was stirred at 60° C. for 48 hours and the
solids dissolved. The mixture was cooled to room tempera-
ture and poured into water (25 mL). The 2-methyltetrahydro-
furan was removed at reduced pressure and solids formed in
the aqueous solution. The solids were collected by vacuum
filtration. 3-phenyl-5-(2-furanyl)-1,2,4-oxadiazole (2.33 g,
9.5 mmol) was obtained as a white solid. (64% yield).

Example 12

Preparation of
3-Phenyl-5-(thiophen-2-y1)-1,2,4-oxadiazole

A solution of benzamide oxime (24.92%) in 2-methyl THF
(67.53 g, 124 mmoles) was charged to a 500 mL flask, fol-
lowed by DI water (20.0 g), 55% aqueous tetrabutylammo-
nium hydroxide (0.94 g), and 50% sodium hydroxide (0.96 g,
12 mmoles). To this mixture was added 2-thiophenecarbonyl
chloride (17.77 g, 120 mmoles) and 50% sodium hydroxide
(9.60 g, 120 mmoles) simultaneously over 30 minutes while
heating to about 70° C. The reaction was complete is less than
one hour. The temperature was reduced to 60° C., and the pH
of'the aqueous phase was neutralized to 7.61, and was drained
off to waste. A hot solution of 1.25 g of Morwet D-425 in 100
ml DI water was added to the mixture, and the 2-phase mix-
ture was heated to distill off the 2-methyltetrahydrofuran/
water azeotrope (boiling point 71° C.). Additional water (150
ml) was pumped into the reactor flask over about 15 minutes,
once the 2-methyltetrahydrofuran began to distill out. While
maintaining good agitation, the pot temperature reached
100.5° C. (vapor temperature 97° C.). The slurry was cooled
and filtered using a coarse glass frit. The scale was scraped off
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the agitator and combined with the wet cake; the scale was
only about 3% of total product. The combined wet cake was
washed with hot DI water (3x50 ml) and suction-dried for 5
minutes to give a 3-phenyl-5-(thiophen-2-y1)-1,2,4-oxadiaz-
ole wet cake, 34.80 g. The loss on drying of the wet cake was
20.13%. The assay of the dried 3-phenyl-5-(thiophen-2-yl)-
1,2,4-oxadiazole was 96.12%, and the residual chloride was
<200 ppm.

When introducing elements of the present disclosure or the
preferred embodiments(s) thereof, the articles “a”, “an”,
“the” and “said” are intended to mean that there are one or
more of the elements. The terms “comprising”, “including”
and “having” are intended to be inclusive and mean that there
may be additional elements other than the listed elements.

Inview of the above, it will be seen that the several objects
of'the disclosure are achieved and other advantageous results
attained.

As various changes could be made in the above products
and methods without departing from the scope of the disclo-
sure, it is intended that all matter contained in the above
description shall be interpreted as illustrative and not in a
limiting sense.

What is claimed is:
1. A process for preparing a 3,5-disubstituted 1,2,4-oxa-
diazole of Formula (Ia), or a salt thereof,

(Ia)

the process comprising reacting an N-hydroxyamidine of
Formula (Ila), or a tautomeric form thereof,

(11a)
Al‘l

g

HN
\OH

NH

with an acyl chloride of Formula (I11a),

(ITla)
Ar

YO
Cl

in a reaction mixture comprising an organic phase and an
aqueous phase,

wherein the reaction mixture comprises a water-immis-
cible organic solvent and an aqueous base,

wherein the temperature of the reaction mixture is no
greater than about 85° C.;

wherein Ar is selected from the group consisting of phe-
nyl, pyridyl, pyrazyl, oxazolyl or isoxazolyl, each of
which can be optionally independently substituted with
one or more substituents selected from the group con-
sisting of halogen, CF;, CH;, OCF;, OCH;, CN and
C(H)O; and Ar? is thienyl, which can be optionally inde-
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pendently substituted with one or more substituents
selected from the group consisting of fluorine, chlorine,
CH;, and OCFj;

and wherein the acyl chloride of Formula (I11a) is prepared

from 2-thiophenecarboxylic acid.

2. The process of claim 1 wherein the acyl chloride of
Formula (I1la) is 2-thiophenecarbonyl chloride.

3. The process of claim 2 wherein the 2-thiophenecarboxy-
lic acid is prepared from 2-acetylthiophene or 2-thiophen-
ecarboxaldehyde.

4. The process of claim 3 wherein the 2-thiophenecarboxy-
lic acid is prepared from 2-acetylthiophene.

5. The process of claim 4 wherein the 2-acetylthiophene is
prepared from thiophene.

6. The process of claim 3 wherein the 2-thiophenecarboxy-
lic acid is prepared from 2-thiophenecarboxaldehyde.

7. The process of claim 6 wherein the 2-thiophenecarbox-
aldehyde is prepared from thiophene.

8. The process of claim 2 wherein the 3,5-disubstituted-1,
2,4-oxadiazole of Formula (Ia) is 3-phenyl-5-(2-thienyl)-1,2,
4-oxadiazole, or a salt thereof.

9. The process of claim 2 wherein the reaction mixture
further comprises a phase transfer catalyst.

10. The process of claim 2 wherein the water-immiscible
organic solvent solubilizes the N-hydroxyamidine and the
3,5-disubstituted-1,2,4-oxadiazole.

11. The process of claim 2 wherein the water-immiscible
organic solvent forms an azeotrope with water.

12. The process of claim 2 wherein the water-immiscible
organic solvent is selected from the group consisting of 2-me-
thyltetrahydrofuran and butyl acetate.

13. The process of claim 2 wherein the N-hydroxyamidine
is dissolved in the water-immiscible organic solvent prior to
adding the acyl chloride to form the reaction mixture.

14. The process of claim 8 further comprising recovering
the 3,5-disubstituted-1,2,4-oxadiazole from the reaction mix-
ture as a precipitate from an aqueous layer after removal of at
least a portion of the water-immiscible organic solvent from
the reaction mixture.

15. The process of claim 1 wherein the reaction of the
N-hydroxyamidine and the acyl chloride produces an oxime
ester intermediate of Formula (IVa), a salt thereof, or a tau-
tomeric form thereof,

(IVa)
Al‘l

T

wherein Ar' and Ar? are defined as in claim 1.

16. The process of claim 15 wherein the oxime ester inter-
mediate is isolated prior to formation of the 3,5-disubstituted
1,2,4-oxadiazole of Formula (Ia).

17. The process of claim 2 wherein the N-hydroxyamidine
is a benzamide oxime formed by reacting a substituted or
unsubstituted benzonitrile and hydroxylamine and the
formed benzamide oxime is dissolved in a solvent selected
from the group consisting of 2-methyltetrahydrofuran and
butyl acetate.

18. The process of claim 17 wherein the reaction to form
the benzamide oxime is carried out at a temperature of from
about 20° C. to about 65° C.

NH
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19. The process of claim 2 wherein the water-immiscible
organic solvent is selected from the group consisting of 2-me-
thyltetrahydrofuran and butyl acetate.

20. The process of claim 2 wherein the process comprises:

(1) introducing the N-hydroxyamidine into a reaction ves-

sel as a solution dissolved in the water-immiscible
organic solvent;

(2) adding a portion of the aqueous base, and optionally a

phase transfer catalyst, to the reaction vessel;

(3) adding the 2-thiophenecarbonyl chloride to the reaction

vessel to form the reaction mixture; and

(4) adding additional aqueous base to the reaction mixture

in the reaction vessel.
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